This is the first study on the blood donation trend in Iran at a national level. We report different characteristics of blood donation such as demographic status, donor type, donation trend, and geographical distribution of blood donation in Iran between 2003 and 2017.
Background
This is the first study on the blood donation trend in Iran at a national level. We report different characteristics of blood donation such as demographic status, donor type, donation trend, and geographical distribution of blood donation in Iran between 2003 and 2017.
Methods
This study used data registered in the donor vigilance part of the Iranian Blood Transfusion Organization. Statistical analysis was conducted using SPSS (SPSS Inc., Chicago, IL, USA) and ArcMap GIS version 10.2 software. A P -value ＜0.05 was considered statistically significant.
Results
Based on the study results, blood donation in Iran reached ＞2 million units in 2017; moreover, it is predicted that Iran will achieve ＞29 donations per 1,000 population in 2022. The proportion of regular and repeated donors increased from 77% in 2013 to 87% in 2017. The average blood donation rate in seven provinces was higher than the national average, and the average growth rate of their blood donation per population was positive.
Conclusion
The results of the current study showed that there is a recent increasing trend toward blood donation in Iran. Furthermore, the largest share of donations is related to regular donors. The increasing proportion of regular and repeated donors has led to the improvement in the quality and consequently health level of donated blood.
INTRODUCTION
Blood transfusion is the process of receiving blood from another individual (donor). It is an extremely safe procedure that can save millions of lives worldwide. Some of the main indications for blood transfusion are anemia, thalassemia, cancer, and trauma [1] .
The World Health Organization (WHO) has always emphasized that the blood transfusion organization should be part of the healthcare system and independently monitor the blood donation process [2, 3] . According to a WHO report, annually, approximately 112.5 million blood donations are conducted worldwide [4] , which indicates the im-portance of monitoring blood donation systems.
Iran is a Middle Eastern country, with an area of 1,648,195 km 2 (636,372 sq mi). Iran's current population is ＞80 million, with ethnic diversity. Iran is subdivided into 31 provinces [3] .
Regarding the need for blood in Iran, a statistics survey shows that blood donation is always required in this country. Iran is one of the countries located in "the thalassemia belt" with a significant annual number of newborns with thalassemia [5] . Moreover, nearly 3% of all referrals to medical centers are reportedly related to injuries [6] . Hence, blood transfusion in Iran is an essential component of the healthcare system, saving millions of lives annually.
The history of the early attempts of blood transfusion in Iran can be traced back to the 1940s; however, approximately three decades later, in 1974, the Iranian National Blood Transfusion Service was founded. Presently, Iran has not only reached a 100% nonremunerated voluntary blood donation but also secured a national self-sufficiency in blood and blood components. In all provinces of Iran, there is at least one blood donation center, which collects donated blood, conducts screening to prevent transfusion-transmitted infections, stores the blood, and provides medical centers with safe blood [1] . This is the first study on the blood donation trend in Iran at a national level. We report different characteristics of blood donation, such as demographic status, donor type, donation trend, and geographical distribution of blood donation in Iran between 2003 and 2017.
MATERIALS AND METHODS

Study design and data gathering
This study used the data registered in the donor vigilance part of the Iranian Blood Transfusion Organization. This section covers all activities related to surveillance of blood donors throughout Iran independently. Data on each donor, such as age, sex, donation type, and blood type, were collected at blood donation centers in all provinces in Iran and were then sent to the Donor Vigilance Unit once a month. This unit integrates all data received from different provinces and saves them in electronic files by year.
The data included the number of donors, demographic status, donor type, blood group type, and deferral rate between 2003 and 2017 for each province. The data that were used in this study and made available to us were in the integrated Excel form.
Statistical analysis
Statistical analysis was conducted using SPSS (SPSS Inc., Chicago, IL, USA) software. Chi-square test was performed for qualitative comparison among demographic variables, and linear regression was used to predict blood donation between 2003 and 2017 in Iran.
Furthermore, to analyze the status of donation in different provinces, initially, the rate of blood donation from 2011 to 2017 was calculated for each province; subsequently, these data were divided into two groups with negative and positive growth. Then, the average blood donation rate in each province was compared with the national average, and accordingly, the provinces were separated into two groups: higher and lower than the national average. Finally, they were divided into four categories and marked with different colors on the map: provinces with a negative growth rate and an average less than the national average (red), provinces with a positive growth rate and an average less than the national average (yellow), provinces with a negative growth rate and an average higher than the national average (bright green), and provinces with a positive growth rate and an average higher than the national average (dark green).
The incidence variations and spatial autocorrelation were assessed between provinces using Getis-Ord Gi and Moran's I tests, respectively. This chart was created using the ArcMap GIS version 10.2 software. A P-value ＜0.05 was considered statistically significant.
RESULTS
From 2003 to 2017, there were a total of 27,442,124 blood donations in Iran. The trend, which is calculated based on the whole population of the country per year, demonstrates an increase in blood donation in Iran over these years, in such a way that it has increased from 22 per 1,000 individuals in 2003 to 26 in 2017. Moreover, it is predicted that this number will increase to ＞29 by 2022 ( Fig. 1) .
In 2017, the national average blood donation rate was , which are depicted in the map as dark red. The second group consisted of provinces that had a low rate of donation (less than national average) but a positive growth rate of donation (depicted in yellow). Group three were composed of provinces that had a donation rate above the national average but a negative growth rate of donation (depicted in bright green). Group four consisted of provinces that had positive blood donation growth rate. Additionally, the average donation rate in these provinces was higher than the national average. These include Bandar Abbas, Blusher (bordering the Persian Gulf and Oman Sea, south of Iran), Fars (south of Iran), Mazandaran (bordering the Caspian Sea), Yazd (center of Iran), Qom, and Markazi (near Tehran, capital), which are depicted in the map as dark green (Fig. 2) . The incidence variations and spatial autocorrelation were tested between provinces using Getis-Ord Gi and Moran's I tests, respectively, which revealed no significant results (P =0.1). These results showed no cluster containing a combination of the provinces; hence, there was no geographical correlation.
This 5-year survey (2013-2017) showed that women had a low proportion (4%) of blood donation overall; therefore, there was a significant difference in sex among blood donors (P ＜0.001). The data also indicated a significant difference among the age groups of donors (P ＜0.001), as the group of 30-40 years had the highest proportion (34%) of blood donation.
Another feature under consideration in this study was the type of donation. It was found that regular donors (donors with a gap of ＞12 mo between donations) were significantly more involved in donating blood than others. The results also showed the ratio of regular and repeated donors (donors with a gap ＜12 mo between donations) has increased from 77% in 2013 to 87% in 2017. The most frequent blood type among the donors was O+ and A+, with 34% and 27% of the total frequency, respectively. Therefore, this difference in blood types was also statistically significant (P ＜0.001).
The study of blood donation deferrals indicated that, generally, about 20% of Iranian blood donors are temporarily or permanently deferred from blood donation (refer to Table  1 for more details).
DISCUSSION
The results of this study generally show that the average blood donation rate in Iran was 26 donations per 1,000 individuals and will reach 29 donations by 2020. According to the WHO report, "based on samples of 1,000 people, the blood donation rate is 32.6 donations in high-income countries, 15.1 donations in upper-middle-income countries, 8.1 donations in lower-middle-income countries and 4.4 donations in low-income countries" [7] . Although blood donation in Iran is completely free and voluntary and financial incentives are not involved, it is one of the countries with the highest participation rate in blood donation.
The geographical distribution shows that, in provinces bordering the Caspian Sea, Persian Gulf, and Oman Sea and two provinces of Fars and Isfahan (center of Iran), the blood donation growth rate is positive, and the average blood donation rate is higher than the national average. Studies conducted on the distribution of certain diseases, such as beta thalassemia, in which blood transfusion is required, indicate that provinces bordering the Caspian Sea, Persian Gulf, and Oman Sea show the highest prevalence rate of these diseases in Iran. In a study published in 2007, these coastal provinces were among those with "very high" and "high" prevalence rates. Moreover, according to the latest report from the Iranian Legal Medicine Organization, Fars (south of Iran) is one of the provinces with the highest number of traffic accidents.
It seems that, considering the need for blood transfusion of individuals in these provinces compared to others, blood donation rate in these provinces is higher than those in other provinces.
The investigation of the characteristics of donors showed that women had a contribution of 4% to blood donation, which indicated their low participation rate. Various studies conducted worldwide showed the relatively low participation rate of women in blood donation. A study conducted in Nigeria demonstrated that women had 10% contribution to blood donation in this country [8] . Another study was performed in Romania, in which the results indicated 17.5% contribution of women to blood donation [9] . Moreover, the results of studies conducted in Ethiopia (12.1%), Netherlands (18.7%), China (18.6%), Iraq (0.3%), Qatar (2.6%), Turkey (11%), and Cameroon (19.5%) have presented that women have a small contribution to blood donation [10] [11] [12] [13] [14] [15] [16] . Various reasons can justify this low participation rate of women. A study conducted in Yazd (center of Iran), central Iran, which investigated the reasons of women's low participation in blood donation, showed that, despite the high awareness of women about the importance of blood transfusion, some reasons, including anemia, insufficient time, lack of husband's permission, fear, and difficulty in access to donation centers, form large barriers to their participation in blood donation [17] .
The age distribution of donors demonstrated that the highest participation rate in blood donation was noted in those aged 20-40 years, which accounted for 64% of donors. The age distribution of donors in various countries showed that there were differences in the frequency of blood donation by age; however, in many cases, the age groups associated with the highest frequency in blood donation were overlapping.
The highest frequency in countries of Romania, Ethiopia, Netherlands, Iraq, Qatar, and Turkey was noted in the age groups of 18-35 (64%), 17-25 (52.8%), 50-60 (35.9%), 30-40 (37%), 25-45 (73.6%), and 30-50 (60.1%) years, respectively. It seems that, in addition to the age and physical conditions, which are the criteria for blood donation, the distribution of blood donors is affected by the age pyramid and age groups in each country. According to the latest census in Iran, the highest frequency of blood donation in the Iranian population has been observed in the age groups of 25-35 years.
The distribution of donors showed that the ratio of regular and repeated donors has increased recently and has reached 87% in the previous year. In terms of general health status, they are mostly in good condition; additionally, they tend to avoid high-risk behaviors more than others, leading to recent improvement in the quality of donated blood. The blood group distribution of donors showed that the highest frequency of blood donation was noted in those with O+. The results of other studies also showed that the blood group O is more abundant than others [18] [19] [20] [21] [22] . It seems that this is the most common blood group worldwide.
Not all visitors for blood donation are qualified. To maintain the health of blood donors and recipients, some individuals are temporarily or permanently exempted. The results of this study showed that generally approximately 20% of visitors for blood donation are exempted. The studies already conducted in Isfahan (central Iran) and Shiraz (southwest Iran) reported this rate as 25.6% and 30.9%, respectively [23, 24] . However, in countries such as Brazil, India, Turkey, and the United States, it was 22.5%, 9%, 14%, and 12.8%, respectively. The pattern of exemption is different in various countries. The reported pattern for Iran shows that the majority of exemptions (88.6%) are temporary and more focused on first-time donors (43%). Most exemptions aim to maintain the donor's health (69%) [23] .
Based on the results of the current study, there is an increasing trend toward blood donation in Iran. Furthermore, the largest proportion of donations is related to regular donors. The increasing proportion of regular and repeated donors has led to the improvement in the quality and consequently health level of donated blood. Finally, more detailed data can provide more information for health policymakers to make appropriate decisions, so it is recommended that more features from blood donors should be considered in future studies.
